Inherited prolongation of the Q-T interval is associated with syncopal attacks due to ventricular arrhythmias, which, if untreated, are often fatal at an early age. The condition is reviewed and the anaesthetic management of two patients with the syndrome presented. The importance of recognition of the syndrome and its treatment with (3-blockers is stressed.
that the Q-T interval at rest was 0.64 seconds when corrected to a heart rate of 60 beats per minute (Q-T)c, the normal value being less than 0.43 seconds. Her hearing was found to be normal and a diagnosis of prolonged Q-T syndrome of the Romano-Ward type (see below) was made. No treatment was given at this stage.
The patient's mother had died suddenly in her early forties whilst making an after-dinner speech and she has a first cousin who is also affected.
Three weeks after the diagnosis was made, the patient sustained a fracture of the medial epicondyle of the left humerus which required pinning. Apart from the fracture, physical examination was normal, weight 45 kg, and the ECG showed a (Q-T)c of 0.6 seconds. She was given propranolol 80 mg on the night before her operation and a further 80 mg three hours before surgery. Premedication consisted of papaveretum 10 mg and hyoscine 0.2 mg. Anaesthesia was induced with thiopentone (180 mg), the trachea was intubated with the aid of suxamethonium, and maintained with nitrous oxide in oxygen. The lungs were ventilated, paralysis being maintained with pancuronium and additional analgesia with fentanyl. Following reversal of the relaxant, the pulse rate fell to 48 beats per minute, but this was reversed with additional atropine 600 /Ag. She made an uneventful recovery.
Case 2
This patient, a white female, first presented at the age of 14 years with syncopal attacks, averaging three per week. These were precipitated by nervous excitement or physical stress, and all episodes were preceded by a tachycardia. When aged 20 years she was seen at Hammersmith Hospital, where an ECG showed a normal Q-T interval at rest, but this became prolonged following exercise testing, which also precipitated ventricular extrasystoles followed by ventricular tachycardia. A diagnosis of familial ventricular arrhythmia was made and treatment commenced with propanolol 240 mg daily. The patient has had no further syncopal attacks since 1974.
The patient's paternal grandfather was thought to be epileptic and her father suffers from blackouts and fits associated with a tachycardia and has been treated with Anaesthesia and Intensive Care, Vol. X, No. 1, February, 1982 phenytoin for most of his life. Her mother is normal. The patient is one of eleven sibs, and one brother and one sister died suddenly aged 21 and 16 years respectively. Another brother and sister suffer frequently from syncopal attacks, while two other sisters are mildly affected. The remainder of the family are normal. The patient commented that at times of great excitement, such as watching a football match, several members of the family often fainted at the same time.
In 1975, the patient became pregnant. Treatment with propranolol was continued and at 32 weeks a dental clearance was performed under general anaesthesia. Premedication with droperidol 5 mg, papaveretum 15 mg and hyoscine 0.3 mg resulted in excellent sedation. Anaesthesia was induced with thiopentone 300 mg, the trachea intubated with the aid of suxamethonium, and maintained with nitrous oxide, paralysis being provided by pancuronium. Neuromuscular blockade was reversed with neostigmine mixed with atropine. The ECG was continuously monitored and no abnormality seen. She made an uneventful recovery. Six weeks later she was delivered of a fresh still-born baby. Postmortem examination revealed placental insufficiency which was thought to be related to propranolol administration.
Following this episode, the propranolol was reduced to 120 mg daily and she was given in addition phenytoin 300 mg daily. She became pregnant again in 1977, and at 22 weeks she was admitted to hospital where under close cardiological supervision, the propranolol dose was reduced over a period of 10 weeks to 60 mg daily. This was thought to be the lowest dose compatible with maternal safety. Between 32 and 34 weeks there was evidence of intrauterine growth retardation and placental insufficiency and at 35 weeks a Caesarean section was performed under general anaesthesia. The anaesthetic management was conventional and included antacid therapy, left-lateral tilt, cricoid pressure, and preoxygenation. Anaesthesia was induced with methohexitone and the trachea intubated after suxamethonium 75 mg had taken effect. Ventilation of the lungs was performed with 50 per cent nitrous oxide in oxygen and 0.5 per cent halothane and paralysis maintained with pancuronium. Syntocinon was used as the oxytocic agent. Throughout the operation and postoperative periods the cardiovascular system remained stable and no ECG abnormalities were seen. The baby was pale and limp at delivery, but after two minutes artificial ventilation, regular respiration was established. Initially there were runs of ventricular ectopic beats, but after 8 hours sinus rhythm was established. Since then the child has remained well with no arrhythmias.
In 1980, the patient again became pregnant. She was managed in an identical manner from the obstetric and anaesthetic view point and underwent Caesarean section at 34 weeks, again with a successful outcome.
DISCUSSION
The association of an abnormality of the Q-T interval on the ECG with a family history of sudden death and syncopal attacks due to ventricular arrhythmias has only been described relatively recently. There would appear to be three types of the condition. 1. Jervel! and Lange-Nielsen syndrome. 5 These authors described a family of deaf-mute children who suffered from fainting attacks, and three of whom died suddenly in childhood. The only abnormality found was a prolonged Q-T interval on the ECG. In 1964, a survey of 1500 deaf-mute children revealed a further 9 cases of the syndrome, and these findings suggested a recessive type of inheritance. 6 It has now been estimated that 0.3 per cent of children with congenital neural deafness have ECG evidence of Q-T prolongation. 7 2. Romano-Ward syndrome. This condition is identical to the above apart from the absence of deafness. It was described independently by Romano, Gemme and Pongiglione S and by Ward,9 is inherited as an autosomal dominant and occurs three times as frequently as that associated with deafness. 3. Familial ventricular tachycardia. This is an atypical form of the condition in which the Q-T interval is normal at rest but increased on exercise. It was first described by von Bernuth "t al. 10 who stated that although Q-T prolongation is considered an essential part of the syndrome it is of variable degree in different patients, and within the same patient at different times, and may be rather slight. The second case described in this paper typifies this form of the condition. It is inherited as an autosomal dominant.
Increased awareness of the existence of the prolonged Q-T syndrome has led to an increase in the number of cases reported. Over 500 cases have now been described,l1 all except 30 since 1970. The untreated condition is extremely serious, and a mortality rate of 34 per cent in 156 patients has been reported, 40 of the 53 deaths occurring at or below 14 years of age. 7 
Clinical Features
The main features of the syndrome are syncopal attacks brought on by excitement, fear, emotional upsets or exercise, which result in tachyarrhythmia. These attacks usually begin in childhood, but provided the child survives, they become less frequent with increasing age. 12 The onset may be delayed to the second or third decade, but a fatal outcome is still possible in adult life. A positive family history is usually obtained, but isolated cases also occur. An erroneous diagnosis of epilepsy may be made.
ECG findings
These patients frequently have a bradycardia, and apart from Q-T prolongation, which may only appear on exercise, usually have abnormal T waves. These are broad and diphasic and may alternate in polarity, heralding an imminent risk of an arrhythmia. 12 A U-wave may be present. Any form of ventricular arrhythmia may occur, but prolonged Q-T syndromes are associated with a distinct type known as torsades de pointes. 13 (Figure 2 ). In this arrhythmia there are paroxysms of ventricular tachycardia in which the QRS axis undulates over 5-20 beats, with definite changes in direction. 14 It is usually selflimiting, but occasionally may degenerate to ventricular fibrillation.
Pathogenesis
Postmortem examination of patients known to have suffered from the syndrome usually reveals no abnormality. Although several suggestions have been proposed to explain the condition, most authorities now seem to agree that the basic cause is an abnormality in the effects of adrenergic stimulation with an imbalance between the outflow of the right and left cardiac sympathetic ganglia. It is well established that the attacks of ventricular arrhythmias are precipitated by factors that result in an increase in sympathetic activity such as emotional upsets and exercise.
Animal studies have shown that the Q-T interval can be lengthened by stimulation of the left stellate ganglion or ablation of the right. 15 In man, the Q-T interval in a patient with the Romano-Ward syndrome was shortened by left stellate ganglion block, while a block on the right side resulted in a further increase in the Q-T interval and the appearance of T wave alternans. 16 The exact site of this sympathetic imbalance is not known and may lie within the brain, in the sympathetic chain or in the adrenergic nerve terminals. Also the imbalance in activity could be due to an increased activity in the left sympathetic chain or decreased activity on the right side. Evidence tends to favour this latter explanation. 7
Acquired Q-T prolongation
It is important to note that there is an acquired prolonged Q-T syndrome which is much commoner than the inherited type and where syncopal attacks due to ventricular arrhythmias occur independently of exercise and emotional states. 17 This condition usually appears in the fifth or sixth decade and is always secondary to conditions such as A-V block, low serum potassium, or drug therapy, e.g. quinidine, lignocaine, disopyramide, Care, Vol. X. No. 1, February, 1982 amiodarone, phenothiazines, tricyclic antidepressants. The pathogenic mechanism is quite different from the inherited form and the treatment of choice is ventricular pacing following removal of any underlying cause, f3-blocking drugs being absolutely contraindicated. 12 
Anaesthesia and Intensive

Treatment of the inherited syndrome
The treatment of choice of the inherited syndrome is adequate doses of f3-blocking drugs and it is essential that therapeutic blood levels are maintained. In a series of 203 patients, the mortality rate in patients who were not treated with f3-blockers was 73 per cent, but only 6 per cent in those receiving the drugs. 7 The aim of treatment is not to restore the Q-T interval to normal, which rarely occurs, but to prevent the syncopal attacks, as anyone may prove to be fatal. If the attacks are not completely suppressed by f3-blockers alone, or complications arise from their use, e.g. the placental insufficiency reported here in case 2, then addition of phenytoin may prove beneficial and allow the dose of f3-blockers to be reduced.
The use of f3-blockers can be questioned as they may intensify the bradycardia often found in these patients and thus predispose to ventricular arrhythmias. They may also aggravate an imbalance in adrenergic activity which is probably the cause of the long Q-T interval. 18 However, the results obtained from treatment with these drugs justify their use despite theoretical objections. Digitalis, which shortens the Q-T interval, has been used in these patients, but it does increase the risk of ectopic beats, and favourable results have only been obtained when digitalis has been used in conjunction with f3-blockers. 7 If medical treatment alone fails to abolish the attacks completely, then left stellate ganglionectomy should be performed. This was first reported by Moss and McDonald, with resultant complete suppression of the attacks and shortening of the Q-T interval. 16 Some 15 patients unresponsive to medical treatment have now been surgically treated with no mortality, but in only six was the Q-T interval shortened. II It would seem logical to evaluate the efficacy of stellate ganglionectomy by first performing a left stellate ganglion block. Although this has been performed on a number of occasions, the procedure can be misleading and the presence of Horner's syndrome mayor may not be accompanied by an effective block of the sympathetic fibres supplying the heart. 7 
Anaesthetic implications
Prolongation of the Q-T interval increases the period of vulnerability when an ectopic beat might trigger ventricular arrhythmias. This would be even more likely if there were a coexistent bradycardia. The anaesthetic considerations may therefore be summarised: 1. avoid bradycardia. If the heart rate falls below 50 beats per minute, atropine should be given in small doses (e.g. 0.005 mg/kg) and repeated if necessary; 2. avoid any increase in sympathetic activity that might result in ectopic beats; to this end, adequate pre-operative sedation and intra-and post-operative analgesia are important; drugs such as ketamine should not be used; hypoxia and hypercarbia must be avoided; 3. prevent the effects of any increased sympathetic activity on the myocardium, i.e. adequate f3-blockade; 4. avoid the use of any drugs which aggravate a prolonged Q-T interval; this includes quinidine, procainamide, disopyramide, local anaesthetics and the phenothiazines; however, despite the theoretical objections to the use of local anaesthetics, it should be noted that an intravenous infusion of lignocaine was used in one patient throughout anaesthesia with no untoward effect;3 5. appropriate treatment of any underlying electrolyte imbalance. The ECG should be continuously displayed during anaesthesia and the recovery period; 6. inhalational agents which sensitise the myocardium to catecholamine induced arrhythmias would best be avoided particularly in high concentrations and in the presence of a raised arterial carbon dioxide tension.
An additional problem requiring careful judgement in the two cases presented here was the choice of anaesthetic technique for caesarean section. Local anaesthesia was discounted because an increase in anxiety would be inevitable despite adequate preoperative discussion, and also because of the effects of the drug on the Q-T interval. Adequate premedication would have furt~er jeopardised the well-being of the baby whIch was already at considerable risk from placental insufficiency. In this patient, f3-blockade was maintained and a standard anaesthetic technique used on two occasions with no untoward effects. It would therefore seem that the most important factor in anaesthetising these patients is adequate f3-blockade.
When arrhythmias appear, they are difficult to treat. We believe that bradycardia, if symptomatic or associated with a low cardiac output, should be treated with atropine and possibly pacing. Tachyarrhythmias will require further f3-blockers and possibly phenytoin. DC shock may be necessary and again pacing should be considered. It has been suggested that internal pacing should be performed prior to anaesthesia,4 but the very act of inserting the wires may trigger an attack.
Recognition of the prolonged Q-T syndrome is imperative as the condition is extremely serious while treatment is very effective. It would be interesting to speculate how many unexplained deaths associated with anaesthesia, particularly in the young, have been due to the condition. ECGs are not commonly performed in children, but in any child with a history of deafness, syncope or sudden death of relatives, such an examination should be sought. Adequate f3-blockade would appear to be the most important single factor in securing a successful anaesthetic outcome, while production of a calm and anxiety free patient would also be a contributory factor. However, the biggest danger to the patient results from the anaesthetist being unaware of the condition.
